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CORROSION-INHIBITED POLYPHOSPHATE 
COMPOSITIONS 

This invention relates to corrosion-inhibited liquid 
polyphosphate compositions. _ 
More particularly, the invention concerns polyphos 

phate liquids having a substantially reduced tendency 
to corrode aluminum. 

In a more particular respect, the invention concerns 
?re—retardant compositions consisting of polyphos 
phate liquids containing a corrosion inhibitor specially 
adapted to signi?cantly reduce the corrosivity of ?re 
retardant compositions to aluminum aircraft parts, 
thereby specially adapting said ?re-retardant composi 
tions for aerial application. 

In the early l960’s, the aerial application of fire 
retardant compositions to prevent or retard the spread 
of forest fires, range fires, etc., became very wide 
spread. Typically, these fire-retardant compositions 
contained an electrolytic fire-suppressing salt such as 
ammonium phosphate, ammonium sulphate, etc., vis 
cosity modifiers and other components such as pigments 
or dyes. A typical retardant composition of the type 
described above is disclosed in the patent to Nelson, US. 
Pat. No. 3,196,108. Another such composition is de 
scribed in the patent to Langguth et al., US. Pat. No. 
3,257,316. These compositions generally consisted of 
an aqueous solution of the ?re-suppressing salt such as 
mono or di-ammonium orthophosphate, a thickening 
agent such as attapulgite clay, guar gum, algin, or the 
like, along with coloring agents or dyes to improve the 
visibility of the material after it is dropped, and com 
mon corrosion inhibitors such as potassium dichro 
mate. 

More recently, polyphosphate liquids have been used 
as aerially applied ?re retardants. These polyphosphate 
liquids have certain advantages in comparison to the 
prior art compositions described above since they can 
be transported and stored prior to use in the liquid form 
rather than being batch-mixed from dry ingredients at 
the air-tanker base. However, the corrosion inhibitors 
used in the prior art ?re-retardant compositions do not 
perform satisfactorily in the polyphosphate liquids be 
cause they are chemically imcompatible with polyphos 
phates and are generally ineffective due to the extreme 
corrosivity of the polyphosphates. 

Prior to the invention described herein, no satisfac 
tory method had been developed for inhibiting the 
corrosiveness of polyphosphate ?re-retardant liquid 
compositions to meet the aluminum corrosion speci?— 
cations imposed by the United States government for 
so-called “Type A” aerially applied fire-retardants. 
(See, e.g., “Interim Speci?cation” 5100-00302a, (June 
1972), superseding “Interim Speci?cation” 
5100-00302, (June, 1970)). These speci?cations re 
quire that the ?re-retardant composition shall not 
cause corrosion of a standard aluminum alloy in excess 
of one mil per year. In practice, this speci?cation was 
unobtainable until the present invention and the speci~ 
?cation was apparently simply not enforced. 
Accordingly, it would be highly desirable to provide 

a polyphosphate liquid having a substantially reduced 
tendency to corrode aluminum, thereby improving the 
utility of the polyphosphate liquid as an aerially applied 
?re-retardant composition. 

I have now discovered novel polyphosphate liquid 
compositions having markedly reduced tendencies to 
corrode aluminum which meet the corrosion speci?ca 
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2 
tions (identi?ed above) imposed by the federal govcrn~ 
ment for aerially applied ?re retardants. 

Brie?y, according to my invention, I provide a com-' 
position consisting essentially of an ammonium poly 
phosphate liquid and an iron cyanide blue. The iron 
cyanide blue is present in the composition in a minor 
amount effective to substantially reduce the corrosive 
ness-of the composition to aluminum. 
As used herein, the term “iron cyanide blue" means 

the blue-colored compounds commonly identi?ed as 
“Prussian Blue” and “Turnbull’s Blue”. Prussian Blue, 
Fe_,[Fe(CN)6];,, is obtained through the combination of 
the ferric ion with the ferrocyanide ion, viz., 

4Fe'H‘ + 3Fc(cN>..-" -+ Fe,[Fe(CN),,]_-, <1) 
The standard chemical nomenclature for Prussian Blue 
is ferric ferrocyanide. 
Turnbull’s Blue, Fe2[Fe(CN)G]2, is obtained through 

the combination of the ferrous ion with the ferricyanide 
ion, v12., 

3%" + 2F¢(CN).;" -> r121 Fe(CN ).,1., <2) 

The standard chemical nomenclature for Turnbull’s 
Blue is ferrous ferricyanide. 
The literature on the iron cyanide blues is both con 

fusing and controversial. There is still a disagreement 
as to whether ferrous ferricyanide and ferric ferrocya 
nide are separate compounds, whether only one com 
pound can exist owing to the presence of a resonating 
system, 

[Fe”(CN).;Fe+“] _ 4—>[FC"“(CN)GFCHI_ (3) 

or whether the two compounds are in fact identical. 
For the purpose of this description, however, such 

con?ict in the literature as to the exact nature of the 
iron cyanide blues need not be resolved. As will appear 
below, it is only necessary to understand that when a 
ferrocyanide is utilized to form the “blue,” one reacts it 
with a ferric compound and, if a ferricyanide is used as 
a starting material to obtain the blue, one reacts it with 
a ferrous compound. 
According to the presently preferred embodiment of 

the invention, the corrosion-inhibited polyphosphate 
liquid is prepared by incorporating into the liquid com 
pounds which react in situ to form a minor effective 
amount of the iron cyanide blue. This is preferably 
accomplished by introducing into the polyphosphate 
liquid an alkali metal ferrocyanide or an alkali metal 
ferricyanide and iron compounds. If the alkali metal 
ferrocyanide is employed, one introduces a ferric com 
pound; if the alkali metal ferricyanide is introduced, 
one employes a ferrous compound. 
At present, because of cost and availability consider 

ations, sodium and potassium ferrocyanide and sodium 
and potassium ferricyanide are the preferred sources of 
the iron - cyanide complex. Red iron oxide (Fe3O4) or 
ferric tartrate are the preferred ferric compounds. Fer 
rous oxide and ferrous sulphate are the preferred fer 
rous compounds. 
As will be apparent to those skilled in the art, the 

polyphosphate liquid compositions of the present in 
vention may, and preferably do, also contain other 
functional components such as dyes-or coloring agents, 
suspending agents, etc. For example, in a presently 
preferred embodiment of the invention, the ?re-retard 
ant composition is prepared generally in accordance 
with the disclosure of the Nelson patent, U.S. 
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3,730,890, and includes, in addition to the ammonium 
polyphosphate liquid, at least one polyphosphate insol 
uble and non-suspendible component such as thicken 
ers or coloring agents and a suf?cient quantity of atta 
pulgite clay to carry each of the non-suspendible com 
ponents uniformly suspended in the composition. 
To achieve the objectives of the invention, the iron 

cyanide blue must be present in the inhibited polyphos 
phate liquid composition in a minor amount effective 
to reduce the corrosiveness of the composition to alu 
minum to less than or equal to one mil per year as 
determined by the “Uniform Corrosion” test set forth 
in Section 4.3.4 of the “Interim Speci?cation” 5100 
0O302a (June 1972), entitled “Speci?cation for Retar 
dant, Forest Fire, Liquid Chemical, Unthickened for 
Aircraft or Ground Application,” issued by the United 
States Department of Agriculture, Forest Service. The 
exact amount of the?iron cyanide blue to be present in 
the polyphosphate liquid composition will vary some 
what depending on the exact nature of the composi 
tion. For example, a highly viscous composition will 
require a somewhat higher concentration of the iron 
cyanide blue because of the increased tendency of the 
composition to adhere to aluminum metal. Incorpora 
tion of other typical ?re-retardant components such as 
dyes, coloring agents, suspending agents, etc., may also 
affect the minimum required iron cyanide blue compo 
sition. Accordingly, it is not possible to precisely state 
the minimum concentration of iron cyanide blue in the 
?re-retardant composition which will be effective to 
reduce the aluminum corrosion rate of the composition 
to below or equal to one mil per year. However, in 
general the minimum amount can be determined very 
quickly by routine tests conducted by those already 
skilled in the art utilizing the test procedures set forth 
in the above-described USDA speci?cation. A rather 
quick and simple determination can be made by simply 
observing whether ‘the ?re-retardant composition con 
tains sufficient iron cyanide blue to cause the formation 
of a uniform blue coloration of the aluminum metal or 
alloy. 

lllustratively, when polyphosphate liquid ?re-retard 
ant compositions of the type generally described in the 
Nelson US. Pat. No. 3,730,890 are inhibited according 
to the present invention, one employs about 1.5 parts 
by weight of sodium ferrocyanide and 1.5 parts by 
weight of red iron oxide per 100 parts of the ?nal com 
position to form the intermediate “concentrate” which 
is suitable for storage and later dilution with water to 
form the ?nal aerially applied composition. 
The in situ formation of the iron cyanide blue is pre 

ferred but the reaction could be carried out between 
the iron cyanide complex and the ferric or ferrous 
compound, forming the iron cyanide blue which is then 
added to the polyphosphate liquid. The reactions occur 
at satisfactory rate and degree of completion at ambi 
ent conditions andno special equipment is required 
except that which is normally employed to thoroughly 
mix the components of prior art ?re-retardant compo 
sitions. ' _ 

The following examples are presented to illustrate 
the preferred practice of the invention and to assist in 
distinguishing the invention from the prior art. 

EXAMPLE 1 

The corrosivity of various liquid ammonium poly 
phosphate compositions to Aluminum Alloy 2024T3 
was tested. The compositions were prepared by mixing 
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4 
the iron-cyanide complex compounds and iron com 
pounds into the ammonium polyphosphate liquid in a 
high-shear mixer. The mixing was continued for a pe 
riod of 15 minutes. The specific iron-cyanide com— 
pounds and iron compounds and their respective pro 
portions (% by weight) in the ?nal composition are 
indicated in Table A. The various compositions were 
then tested for corrosivity as follows: A Magna Cor 
rater corrosion rate meter was employed. The alumi 
num alloy probe was immersed in the test sample under 
static conditions for 16 hours for conditioning. The 
conditioned probe was then immersed in the sample 
under dynamic conditions in which the probe was posi 
tioned 1 inch off center in a rotating jar of the test 
sample (rotation speed = 1 rpm). The test probe was 
then rinsed with a very gentle lukewarm stream of 
water, air-dried and then re-immersed in the sample 
and monitored under dynamic conditions for an addi— 
tional eight hours. Then the probe was given a hard 
rinse with a high-pressu re water stream and allowed to 
dry. Finally, the probe was then re-immersed in the test 
sample and monitored under dynamic conditions for a 
period of three additional hours. At the end of the last 
three~hour period, the corrosion data was recorded (as 
mils per year). The following results were obtained: 

Table A 

lron~Cyanide Compound lron Compound Corrosion 
Rate 

r/1 Type "/1 Type Mils 
Per Yr. 

0 — 0 — 24.3 

0.5 Potassium Ferrocyanidc 1.5 FenO4 10.62 
1.5 ” 1.5 " .18 

0.1 Sodium Ferrocyanide 1.5 FenO4 12.0 
0.25 " 1.5 " 15.3 

1.00 " 1.5 " 4.68 

1.25 " 1.5 " .27 

1.50 Sodium Ferrocyanidc 0 FeaO4 1.62 
1.50 " 1.0 " 1.26 

1.50 " 1.5 " .07 

1.50 ” 2.5 " 0 

1.5 Sodium Ferrocyanide 1.5 Ferric 0.6 
Tartrate 

EXAMPLE 11 

Additional samples of 10-34-0 liquid ammonium 
polyphosphate were mixed with various known prior 
art inhibitors and tested in accordance with the proce 
dure of Example 1 with the following results: 

Table B 

lnhibitor System Corrosion Rate 

1.5% Sodium Thiosulfate 3.87 
0.1% Sodium Molybdate 
0.1% Mercapto Benzothiazole 
2.071 Sodium Dichromate 1.44 
1.0% Sodium Silicofluoride 65.7 
1.571 Potassium Thiocyanate 17.10 

EXAMPLE 111 

A ?re-retardant “concentrate” was prepared having 
the following composition: 

Table C 

(7! by W1. 
1034-0 92.87 
Attapulgite Clay 3.91 
Red Iron Oxide 1.50 
6 13L Dye 0.22 
Sodium Fcrrocyanidc 1.50 
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Table C -continued 

Total 100.00 

The above composition was prepared by pumping the 
10-34-0 into a mixer equipped with a high-shear impel 
ler. With the impeller activated, the dry ingredients 
were added slowly and the resultant composition was 
mixed for 15 minutes. The resulting concentrate is 
suitable for extended storage and is then diluted with 
water at a ratio of 3:1 to 7:1 parts of water per part of 
concentrate just prior to ?eld application. This compo 
sition is especially adatped for aerial application by 
helicopter. The aluminum corrosion rate of this com 
position as determined by the procedure of Example I 
is less than 1 mil per year. 

EXAMPLE IV 

The following compounds mixed with liquid ammo 
nium polyphosphate in the indicated proportions (% by 
wt. of total composition) yield inhibited compositions 
having an aluminum corrosion rate as determined by 
the procedure of Example I of less than 1 mil per year: 

Table D 

lron-Cyanide Compound lron Compound 
Type % Type 

Potassium Ferrocyanide 1.50 Ferric Arsenate 1.50 
Sodium Ferrocyanide 2.0 Ferric Hydroxide 2.00 
Potassium Ferrocyanide 1.25 Ferric Ammonium Oxalate 2.00 
Sodium Ferrocyanide 2.00 Ferric Sul?de 2.50 
Potassium Ferricyanide 1.25 Ferrous Phosphate 1.75 
Sodium Ferricyanide 1.75 Ferrous Oxide 1.75 
Sodium Ferricyanide 1.50 Ferrous Arsenate 2.00 

Having described my invention in such clear and 
concise and exact terms as to enable those skilled in the 
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art to which it pertains to understand and practice it, 
and having identi?ed the presently preferred embodi 
ment thereof, 

1 claim: 
1. A composition consisting essentially of 
a. ammonium polyphosphate liquid, and 
b. an iron cyanide blue, 

said iron cyanide blue being present in a minor amount 
effective to substantially reduce the corrosiveness of 
said composition to aluminum to less than or equal to 1 
mil per year as determined by the “Uniform Corro 
sion” test set forth in Section 4.3.4 of the “Interim 
Speci?cation” 5100-00302a (June 1972), entitled 
“Speci?cation for Retardant, Forest Fire, Liquid 
Chemical, Unthickened for Aircraft or Ground Appli 
cation,” issued by the United States Department of 
Agriculture, Forest Service. 

2. The composition of claim 1 in which said iron 
cyanide blue is ferric ferrocyanide. 

3. The composition of claim 1 in which said iron 
cyanide blue is ferrous ferricyanide. 

4. A process for preparing an ammonium polyphos 
phate liquid having reduced tendency to corrode alu 
minum, comprising incorporating into said ammonium 
polyphosphate liquid compounds which react in situ to 
form a minor effective amount of an iron cyanide blue. 

5. The process of claim 4 in which said iron cyanide 
blue is ferric ferrocyanide. 

6. The process of claim 4 in which said iron cyanide 
blue is ferrous ferricyanide. 

7. The process of claim 4 in which said compounds 
are an alkali metal ferrocyanide and a ferric com 
pound. 

8. The process of claim 4 in which said compounds 
are an alkali metal ferricyanide and a ferrous com 


